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A protective film transfer sheet fo^photo ma-sk^ and a 
method for transferring a protective film using the yaae 

^ BACKGROUND OF THE INVENTION 

The present invention relates to a protective film 

transfer sheet f or(Tphot o mask j/. In particular, it relates 

to a transfer sheet for transferring a protective film 

suitabl-e for protecting copies for photomechanical 

proces^r copies of printed wiring boards, which are 

susceptible to damage, andV^ method for transferring a 

protective film using the transfer sheet. 

A surface protective film comprising a thin plastic 

film such as a polyethylene terephthlate film, as a support, 

and a releasing film laminated on the plastic film via a 

self -adhesive or bonding agent has been used for 

protecting copies of photomechanical proces/w printed 

wiring boards, which are susceptible to damage. When the 

surface protective film is used for ^So^tojmasts} the 

releasing fily i s peeled off from the support and the 

^ ^urf ace^pplied; wittf^h^ self-adhesive or bonding agent 

£i^[laminated orj^the image surface of^'photo mas^K 

In recent years, patterns formed orv^photo masks, j 

-j? $*ud 

which are copies used for photomechanical process'^&t 

rcopies otjprinted wiring boards , ^become complicated and 

are required to have a high resolving power* This v raise<sp 

demand for thinner protective films. However, if the 

^thickness of the plastic "film o.f7surface protective film/' 
- - . —I 7s /**dk T 

having the .aforementioned st ructureybecomesl thin, its 

J* >T0s L^- <^ 

workabiiity^f^laminating oi^photo mas ^becomes^jj, and 
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wrinkles and cells are likely to be produced. 

In order to improve such protective films, Japanese- 
Utility Model Publication No. 6-20601, for example^ 
discloses a multiple layer sheet for^making^a protective 
film which comprises a plastic film having an uneven 



surface, an abrasion resistar^ f ilm formed on the uneven 

surface, an easy-releag>rfg sheet having a self-adhesive 

layer and a releasing layer formed on the abrasion 

resist a film. Another transfer sheet comprising a 

releasa^sheet, a resin layer cured by exposure to UV or 

electron beam and an adhesive layer consist ing^an ionizing 

radiation curable resin formed on the releasing surface 

of the releasing sheet in this order is also known 

(Japanese Patent Un-examined Publication No. 63-132097) . 

However, when the generally used self-adhesive is 

employed as in the disclosure of Japanese Utility Model 

Publication No . 6-20601 , the transferred protective.layer 

is insuf f icient^LriJ resistant to marring^e^en if^tseljj 

has a sufficient ha'rdnes^ S)ecause ok^-so'T tness of the 

self-adhesive layer. In^-a'ddit ion, if it is used for 

protection of photo maslc^ *Sf print ed wiring boards ,|^ere7 
^HjSTA^r- ^ - - S <~jtz.40H.TZ reef x 
/"arises a following? problem J That is, photo-resi.st may 

— J r&ytr* i 

stick to the surface of the protective layer and flfremov^G 

fa^r using organic solvents. However, the protective film has 

low resistance to solvents and, therefore, has low 

durability . 

The adhesive layer consisting of an ionizing 
radiation curable resin as disclosed in Japanese Patent 
Un-examined Publication No* 63-132097 is likely to lose 
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adhesiveness when the thickness ^ecomes ' thii^. If the 
protective film with extremely lowj^redTadhes i veness is 
used for protection of anphoto maskVof a printed wiring 
hoard, the adhesive layer^omes awa^ from the image surface 
of the photo mask when the photo mask is peeled from the 
photo-resist on the board. Thus, the protective layer has 
low durability. Further, if the adhesive layer consists 
of an ionizing radiation curable resin alone, yf lowabilrtyi 
of the adhesive layer becomes too high, and workability 
becomes/bad because the adhesive layer is likely to be 

The present invention aims at solving the 
above-mentioned problems. An object of the present 
invention is to provide a protective film transfer sheet 
for ^hoto masks/ capable of providing a protective film, 
which is excellent in adhesiveness to the image surface 
6f photo mask^^taar resistance and *r esis tance to solvents 



when transferred t^'photo masks,/. Another object of the 
present invention is "to provide a method for transferring 
a protective film using the transfer sheet, which is 
capable of providing a protective film excellent in 
adhesiveness Jto the image surface of photo masks,Vmar 
resistance andVresist ance to solvents when transferred to 



photo masks 



A^J/rK* prc^^CT trfSerf** frc^id e S 
^*A* f ^^S}pmARY OF THE INVENTION^ ^ 
£aJ protective film transfer sheet yof_ the pr esent^ 
|inventionj comprises a peelable support and a protective 
film formed on the support, wherein the protective film 
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comprises a protective layer and an adhesive layer formed 
on the support in this order and the adhesive layer has 
pressure-sensitive adhesiveness, the adhesiveness of the 
adhesive layer being increased by heat impacted after it 
is transferred on^he image surface of df photo mask), and 



is curable by exposure to ionizing radiation. 

In the protective film transfer sheet of the present 
invention, the adhesive layer contains at least an 
ionizing radiation curable resin and a heat-reactive 
resin. 

In the protective film transfer sheet of the present 
invention/ the heat-reactive resin is^kn acrylic copolymer 
containing a monomer having a heat-reactive functional 
group (s)Jas a mono me^ . 

In the protective film transfer sheet of the present 

invention, the/monomer having'' aTheat-react ive functional 

^^Sjh=^ 

group (s) is JaH monomer having7 a hydroxyl group. 

In^the protective film transfer sheet of the present 
invention, the V monomer having a hydroxyl group is 
N-methylol acrylamide monomer. 



In the protective film transfer sheet foifphoto masks 



of the present invention, the ionizing radiation curable 
resin consists of a paint containing one or mo rescind s^of} 
photopolymer izable prepolymers or photopolymerizable 
monomers which can be crossslinked and cured by exposure 
to ionizing radiation, and at least one ^Tfcind^of Jthe7 

Q*~ 

photopolymer i zable r»reDolymerJ§1L/Snd7 photoDolymer i zable 
iuonomer^has/ a hydroxyl group, ^co?rd*^£ iO/J 

A method for transferring a protective film^ofjthe 
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present invention, which uses the above-£entione£] 
protective film transfer sheet jTfo r photo m aslcs| for 
tr-ansf erring a protective film onM:he image surface of ^ n 
photomask^, comprises the steps of: 

(1) adhering the adhesive layer of the protective film 
transfer^ sheet^^lfor photo masks onj the image surface of a 
photo masjy, 

(2 } pLmpart ingj heat jCTo^the adhesive layer, 

(3) exposing the adhesive layer to ionizing radiation, and 

(4) peeling off the 'support from the protective film. 



In the method for transferring a protective film of 
the present invention, the steps (1) and (2) are preferably 
performed simultaneously and thereafter the steps (3) and 
(4) are performed in this order* 

According to the present invention, there is 

provided a protective film transfer sheet capable of 

providing a protective film which is x - excellent, i n 

A / " 1 

adhesiveness j:o the image surface of rphoto masks/mar 

K - — — ""^ 

resistance and v resistance to solvents when transferred onTo 
photo masks . 



brief|explanation7of "drawing 



Fig.l is a sectional view of an example of a 
protective film transfer sheet Jfo r photo m asks| of the 
present invention . 



PAGE 9/31 ' RCVD AT 3/3012007 2:18:31 PM [Eastern Daylight Time] * SVR:USPTO€FXRF-2/14 * DNIS:2731474 % CSID703 683 1080 * DURATION (mm-ss):08-24 



03/30/2007 14:20 FAX 703 683 1080 



BACON & THOMAS 



Igj 010/031 



PREFSRED EMBODIMENTS OF THE INVENTION 
The protective film transfer sheet ^for .photo m asks^ 

of the present invention is described in further detail 

with reference to the attached drawing. 

As shown in Fig . 1/ the protective film transfer, sheet 

1 ^fo r photo ma sks'^ of the present invention s/ha s thV| 
|^lr ucture whe rein^ a protective film 3 consisting of a 

protective layer 31 and an adhesive layer 32 and, as 
occasion demands, a separator ^|f£.e]f ormed on a peelable 
support 2. 

The support 2 of the present invention is a base 
material on which the protective layer 31 and adhesive 
layer 32 are laminated^ successively and facilitates f^^\ 
^pr ocess o jf/ tr ans^^ rj^ja^-j ^thin protective film 3 on/^he 
image surface of^hoto mask) 

Although the support 2 is not particularly limited, 
it is preferably transparent to ionizing radiation so that 
the adhesive layer 32 fx si exposed to ionizing radiation 
through the support 2 and cured. A transparent plastic 
film such as a polyethylene terephthalat e film, 
polycarbonate f ilm, polypropylene film, polyethylene film, 
polyvinyl chloride film, polyethylene naphthalate film, 
polystyrene film may be used for the support 2. A 
biaxially stretched film is preferable for its excellent 
mechanical strength, heat resistance and dimensional 
stability. The thickness of the support 2 is preferably 
5-125 ym /in the light ozj handling , 

In order to improve r elease^proper t^ies| of the support 

2 from the protective layer 31, a plastic film 21 having 
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a release layer 22 may be used for the support 2. 

The release layer 22 remains on the surface of the 
plastic film 21 after transferring the protective film 3 
andj^akesTthe support 2%emove£X§asilyy Material of the 
release layer may be selected from melamine resins, 
silicone resins, amino alkyd resins , ure thane res ins , urea 
resins, epoxy resins, fluorine resins, polyvinyl alcohol 
resins, polyvinyl methyle tjier /malei c acid anhydr^fe 
copolyir^rs^ and so forth taking account^fjcombina tion with 
/q .the p^otec,tive layer 31 . Among them, water-soluble 
resins such as polyvinyl alcohol resins, polyvinyl 



.methylethf r/maleic acid anhydr^4€ copolymer s and the Like 
J"i^pref erable^in the light of^ relea sin g powe^and^as ines sj 
of laminating, 

I ' When the transferred surface is required to be uneven, 
the release layer 22 may include matting agents . In order 
to improve adhesiveness to the plastic film 21, an easy 
adhesive layer may be provided between the release layer 
22 and the plastic film 21. 

Z& The protective layer 31 is required to have high mar 

resistance and resistance to solvents, because the 
protective layer 31 becomes £Sn*) uppermost layer of the 
protective film after it is transferred to the image 



surface of a^hoto mas)c)and its properties directly affect 
those of the protective film 3. 

The protective layer 31 having such high mar 
resistance and resistance to solvents can be obtained by 
applying a composition consisting of a thermosetting resin 
or an ionizing radiation curable resin on^the support 2 
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using a known coating technique and curing it. 

Usable thermosetting resins include resins 
crosslinkable by heat such as silicone resins,, melamine 
resins, epoxy resins, amino alkyd resins , urethane resins, 
-acrylic resins, polyester resins, phenol resins. These 
resins may be used alone but ^preferably /acidedj with a 
hardening agent in order to improve cross 1 inking fabil^Jt^yj 
and hardness of the crosslinked film. 

The ionizing radiation curable resin is composed of 
a paint crosslinkable and curable at least by exposure to 
ionizing radiation (ultraviolet ray or electron beam) . 
As the ionizing radiation curable paint, a mixture of one 
or more kinds of photopolymeri zable prepolymers or 
photopolymerizable monomers may be used. 

Usable photopolymeri zable prepolymers include 
various kinds of (meth) acrylates such as 
polyester (meth) acrylate, ' epoxy (meth) acrylate, 

urethane (meth) acrylate, polyether (meth) acrylate, 

polyol (meth) acrylate, melamine (meth) acrylate. 

Examples of the photopolymerizable monomer include 
styrene monomers such as styrene, ot-methyl styrene, 
(meth) acrylate esters such as methyl (meth) acrylate , 
2-ethylhexyl (meth) acrylate, methoxyethyl (meth) acrylate, 
butoxyethyl (meth) acrylate, butyl (meth) acrylate, 

raethoxybutyl (meth) acrylate, phenyl (meth) acrylate, 

ethyl (meth) acrylate, propyl (meth) acrylate, 

ethoxymethyl (meth) acrylate, lauryl (meth) acrylate, 

unsaturated carboxylic acid amide 5 such as (meth) acryl 
amide, substituted amino alcohol esters of unsaturated 
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acid such as 2- (N, N-die thy 1 amino ) ethyl (meth) aery late, 
2- (N,N^dibenzylamino) ethyl (meth) acrylate, 

2- (N, N- diethyl amino ) propyl (meth) acrylate,. 

multifunctional compounds such as ethylene glycol 
di (meth) acrylate, diethylene glycol di (meth) acrylate, 
triethylene glycol di (meth) acrylate, tetraethylene 
glycol di (meth) acrylate, nonaethylene glycol 

di (meth) acrylate, polyethylene glycol di (meth) acrylate, 
tripropylene glycol di (meth) acrylate, tetr apropylene 
.glycol di (meth) acrylate, nonapropylene glycol 

di (meth) acrylate, polypropylene glycol di (meth) acrylate, 
pentaerythritol tri (meth) acrylate,, dipentaerythr itol 
tri (meth) acrylate, pentaerythritol hexa (meth) acrylate, 
trimethylolpropane (meth) acrylate, glycerol 
tri (meth) acrylate, tris- (2-hydroxyethyl ) -isocyanuric 
acid ester (meth) acrylate, 2 , 2-bis [ 4- ( acr yloxy 
diethoxy) phenyl Jpropane, 3 -phenoxy-2-propanoyl 

acrylate, 1 , 6-bis ( 3-acryloxy-2-hydroxypropyl ) -hexyl 
ether, and polythiol compounds having two or more^| thiol, 
groups per molecule such as trimethylol propane 
trithioglycolate, trimethylol propane trithiopropylat e , 
pentaerythritol tetra thioglycolate . 

Various ^cinds of^j additives can be added to the 
ionizing radiation curable paint. When UV is used for 
curing, it is preferable to add a photopolymerization 
initiator, UV intensifier or the like. Usable 
photopolymerization ini ti a tors include acetophenones , 
benzophenones, Michler's ketone, benzoin, 

benzylmethylketal , benzoyl benzoat e, a-acylox^fester , 
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4 

thioxantheiis and the like. As the UV • intensifies 
n-butyi amine , trie thy 1 amine , t ri-n-but ylphosphine and 
the like can be^xempli f ie^* 

Examples of vft:h e known! coating method/f or applying 
the aforementioned thermosetting resin or ionizing 
radiation curable resin to the support include knife 
coating, doctor coating, bar coating, roll coating, blade 
coating, kiss-roll coating, spray coating, spin coating/ 
dip coating and the like. 

The adhesive l&yer 32 of the present invention is 

— - — 

adhered to the image surface of*/photo maso by its 
.pressure-sensitive adhesiveness ai^ajnormal temperature... 
The adhesiveness, to the image surface of ^hoto mask 
increases by heatf^mpar ted] af t er the layer 32 is adhered. 
In addition, when the adhesive layer 32 is cured by 
exposure to ionizing radiation, the adhesiveness and the 
hardness of the layer 32 also increase. 

Such an adhesive layer 32 contains an ionizing 
radiation curable resin and a heat-reactive resin. 

The aforementioned paint for the protective layer 
31, which is crosslinkable and curable by exposure to 
ionizing radiation (ultraviolet ray or electron beam.) , can 
be used for the ionizing radiation curable resin7ror7 the 
adhesive layer 32. Photopolymeri zable prepolymers or 
photopolymer izable monomers used for the ionizing 
radiation curable paint are preferably those having a 
hydroxy group { s } . 

When the adhesive layer 32 is formed using a mixture 
of an ionizing radiation curable resin consisting of 
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ionizing radiation curable paint containing the 

photopolymerizable prepolymer s or photopolymerizable 

monomers having a hydroxy group (s) and a heat-reactive 

resin consisting of an acrylic copolymer containing a 

monomer having a hydroxy group such as an N-methylol 

acrylamide mo nome^^s-^m^ 

^ Emrlii oiafll qfoirp-K> ) whioli will by tyAplaiimd „l a t or7 | the 

hardness of the adhesive layer 32 can be improved by 

reaction of ionizing radiation curable resins with the 

heat-reactive resins' and the adhesiveness to the image 

surface of the^ph oto mask ^gan be) also increased. 

Examples of the the photopolymerizable prepolymers 

or photopolymerizable monomers having a hydroxy group (s) 

include pentaerythri tol tri (meth) acrylate^ &Hcj 

1, 6-bis (3-acryloxy-2-hydroxypropyl) -hexylether . 

Similarly to the aforementioned paint for the 

protective lay^r 31 f the ioni2ing radiation curable paint 

may contain ; photopolymeri z ation initiators, UV 

intensipier^anjd the -like.. 

Reaction of the heat-reactive resin proceeds^J^ heat/A^ 

^"wh ich^ j.s added^ after the adhesive layer 32 is adhered to 

the ( photo mas k), at the interfaces between the adhesive 

layer 32 and protective layer 31^ and between the adhesive 

^TM \ ^ 

layer 32 and the image surface of photo masfc>so that the 

~ .JJ 

adhesiveness at the interfaces is increased. Generally, 
the^Tieat^ reaction of neat-react ive resins also increases 
the hardness of the adhesive layer 32. 

The heat-reactive resin consists of an acrylic 
copolymer |^bntaining a mono mer^ having a heat-reactive 
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functional group as a monomer component. Such an acrylic 
copolymer can be a copolymer of (meth) acrylate monomer and 
a monomer having a heat-reactive functional group. 

Examples of the (meth) acrylate monomer include 
ethyl (meth) acrylate, ■ butyl (meth ) acrylate , 

amyl (meth) acrylate, 2-ethylhexyl (meth) acrylate, 

octyl (meth) acrylate, cyclohexyl (meth) acrylate, 

benzyl (meth) acrylate and the like- One or more^kindsj of 
these monomers can be used in a mixture. - 

Examples the^ monotne^having a heat-reactive 

functional group inc lud ^fc ionomei/ having a carboxy group 
such as (meth) acrylic acid, crotonic acid r maleic acid, 
fumaric acid, itaconic acid/^Jmonomer^aving a hydroxy 
group such as 2-hydr oxye thyl (meth) aery late , 

. 2-hydroxypropyl (meth) acrylate, 

4-hydroxybutyl (meth) acrylate, N-methylol acrylamide, 
aryl alcohol^Jmonome/ having a tertial amino group such 
as dimetyl aminoethyl (meth) acrylate, dietyl 

aminoethyl (meth) acrylate, dimetyl 
aminopropyl (meth) acrylate,^Ta^ iaonome/ having an amide 
group such as (meth) acrylamide, a monomer having a 
N-substituted amide group such as 

N-methyl (meth) acrylamide, N-ethyl (meth) acrylamide, 

N-methoxymethyl (meth) acrylamide, 

N-ethoxymethyl (meth) acrylamide, N-t-butyl acrylamide, 
N-octyl acrylamide ,£a^monomer^having an epoxy group such 
as glycidyl (meth) acrylate . Among theiriy/monoTtie^having 
a hydroxy group such as an N-methylol acrylamideTmononte? 
particularly prefer-a^rte obtaining excellent 
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adhesiveness to the object on which the adhesive layer 32 
of the present invention is transferred, i.e., the image 
surface of a { ^otcT mas^ . It is considered that, whenjthe^^, 
monomer having a hydroxy group is used for the adhesive 
layer 32, the monomer reacts with hydroxy group^^istingj 

in the image surface of v £?£oto ioasW to increase the 

X ~^ b*Tjj*e. * 

adhesiveness. This strong adhesion the protective 

film 3 and the image surface of a fphoto mask)prevents the 
protective film 3 f romjftfpming away! from the image surface 
during working and, thereby, workability is improved. 
j Folymerizationjratio of the monomers of the acrylic 



copolymer, i.e., a (meth) acrylate monom^r^ and^ajmonomer 

having a heat-reactive functional group, 1-25 weight 

7>><? 

parts, preferably 5-15 weight parts of £ monomer having 
a heat-reactive functional group^wl th regard^toJlOO weight 
parts or meth) acrylate monomer . 

The weight average molecular weight of the acrylic 
copolymer is preferably 50,000-2,000,000, more 
preferably! 0 0, 0 0 0-1,-000, 000 . 

Other monomef s .can be copolymerized in the acrylic 

zf 



copolymerreo far as) the characteristics of the copolymer n ° ' 

' Tcan be kep19. > 

Examples of ^TE hej^ other monomers, which can be 
copolymerized, include vinyl acetate, styrene, methyl 
styrene, vinyl toluene, acryloni trile, (meth) acrylamide, 
N-methyl acrylamide and so forth. The ^ lymerizat ion^ 
ratio of these monomers is generally 0-30 weight parts, 
preferably 0-15 weight parts^^ith regard^toj 100 weight 
parts of the sum of the (me th) acrylate monomer and monomer 

PAGE 17/31 * RCVD AT 3130/2007 2:18:31 PM [Eastern Daylight Time] * SVR:USPTO-EFXRF-2/14 ' ONIS:2731474 1 CSID:703 683 1080 * DURATION (mm«ss):08-24 



03/30/2007 14:22 FAX 703 633 1080 BACON & THOMAS ©018/031 



having a heat-reactive functional group. 

The mixing ratio of the constituents of the adhesive 

layer 32, the ionizing radiation curable resin and the 

heat-reactive resin, is preferably 5-200 weight parts of 

pei — 

the heat-reactive resin ^wi th regard to^ lOO weight parts 

of ionizing radiation curable resin. When the 

heat-reactive resin is/Rot less than) 50 weight parts, the 

~ J . Trj^^r- 

adhesive layer is not pressed out during the jaciher ing stepy t 

and high adhesiveness to the image surface of 'photo masks^) 

can be achieved. Thereby, workability is improved. When 

the heat-reactive resin is jiot more than 200 weight parts,' 

sufficient hardness can be£^oughtf^to the adhesive layer 

32 after it is exposed to ionizing radiation, and mar 

resistance and resistance to solvents of the protective 

layer 3 are also improved. 

In the present invention, the heat-reactive resin 

provides initial bond strength of the adhesive layer 32 

to the image surface of^ph oto masj ^f, and adhesiveness of 

the transferred protective film 3. The ionizing 



radiation curable resins provides adhesiveness to the 

^JISL = ^, 

image surface of y photo masksf and hardness of the 

transferred protective film 3 and/ as a result, improves 
mar resistance and resistance to solvents of the 
protective film 3. 

The thickness of the protective film 3 is preferably 
l-20]am. Sufficient mar resistance and resistance to 
solvents can be achieved with a thickness of not less than 
1pm. When the thickness is not more than 2 Oirm,£deve loping^ 
| process of photo masks hav ing^ a fine resolution pattern 
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can b^carried ou£ |without problems . The thickness of each 
of the protective layer 31 and adhesive layer 32 i.Sy / 
preferably 0.5-15um and may be suitably^felected so far? 
aslthe thickness of the protective film 3 does not exceed 



pa 



its upper limit. When the thickness of the adhesive layer 
is not less than 0 . 5\im, sufficient adhesiveness to the 
image surface of the ^photo nas^ and mar resistance can 
be obtained. When the thickness is not more than 15pm, 
the protective film^can be madgthin tojoe applied fog a 
high resolution pattern. 

The separator 4 is provided so that the workability 
is not lowered by adhesiveness of the adhesive layer 32. 
£k s _£] material of the separator plastic film such as 

a polyester film, a polyethylene film, a polypropylene 
film and so forth, v paper jprocesseffl with a release agent 
such as a silicone /rel ease agent can be use^. 

The protective film transfer sheet photo m asksj 

can be manufactured/ for example, as follows: a protective 
layer 31 and an adhesive layer 32 are formed successively 
on a support 2 provided viTth} a release layer 22 on a 
polyethylene terephthalate film 21 which transmits 
ionizing radiation, and a separator 4 is laminated to the 
adhesive layer 32 ♦ 

A method of transferring a protective film will be 
explained in detail hereinafter. 

The method for transferring a protective film of the 
present invention, which uses the above-mentioned 
protective film transfer sheet ^^r'^pHoTo — *aa^Jc~£ — ^^jj 
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|transf erring a protective film on photo ma s k~^ , comprises, 
the steps of: 

(1) adhering the adhesive layer of the protective film 
transfer sheet^for photo m a$k$j ori^the image surface of a 
photo mask/ 

( 2 ) ^imp arting hesHl to^the adhesive layer, 

(3) exposing the adhesive layer to ionizing radiation, and 

(4) peeling off the support from the protective film. 



In order to transfer a protective ^jj- m hav i n< 3 
excellent adhesiveness to the image surface of^photo mask/, 
mar resistance and resistance to solvents, which are 
features of the present invent ion, 7the7step (1) should be 
perf ormed^atj first . In order to improve JvTorkab i lit yj of 
transfer, it is preferable to carry out the steps (1) and 
( 2 ) simultaneously . 

If the performance of the transferred protective 
film is considered to be most important, however/ the step 
(2) is not necessarily performed simultaneously with the 
step (1) . It may be performed in any orderVwith regard] 
to steps (3) and (4) but is preferably performed prior to 
thel steps (3) and (4) in order to increase adhesiveness 



to the image surface ofVphoto mas] 




J^Th^P^t^ps (3) and (4) are performed in an arbitrary 



order but the step (3) is preferably performed prior to^,, 
£^thejstep (4) ^in ^rder to protect the protective layerjSyJ 
the support ^till^ the adhesive layer becomes sufficiently 
hard . 

In^thejstep (1) , the adhesive layer of the protective 
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film transfer sheetTfor photo masks)may be laminated to 
the image surface of a^photo maspin the following manner: 
the separator, which is provided as occasion demands, is 
peeled off/ ant^Cjther^jthe protective film transfer sheet 
may be laminated to the image surface ofjphoto mask/iising ' 
, a laminator^o that^the adhesive layer^isjin contact with 
the image surface. 

In^fhejstep ( 2 }^£fjheat ing the adhesive layer, heat 
may be imparted (conducted) through the support or/^photo- 
mask using a heat roll as^a^aminaterroll Jgfystep (IT so 
that^thej s tep (2) is per formed simultaneously with^€^£jstep 
(1) * Alternately, after the adhesive layer is laminated 
using a laminate^ roll without imparting heat, heat- is 
imparted to the layer by means of a heat roll, by placing 
in a hot • environment such as an oven with internal air 
circulation, or by exposure to far infrared rays. 
Although the temperature of the heat roll is not 
particularly limited because the quantity of heat imparted 
to the adhesive layer' varies depending on the nip pressure 
of the roll and the conveying speed, it may be suitably 
selected from v the range of 40-150°C, preferably 60-120^ 
in term^of surface temperature. 

By heating the adhesive layer in such a manner after 
the transfer sheet is laminated, its adhesiveness to the 
image surface o^rphoto masl^ is increased. 



In^Che^ step ( 3 pf] exposing the adhesive layer to 
ionizing radiation (UV or electron beam) , UV can be applied 
using an ultra-high-pressure mercury-vapor lamp, 
high-pressure mercury-vapor lamp, low-pressure 
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mercury-vapor lamp, carbon arc, metal haJ^ide lamp or the 
like .^ilectron beam can be applied using^various ki nds^ 
£^ofJelectron accelerator^ such as a Cockcro f t-Walton type., 
Van de Graff type, transformer type, isolated core 
transformer type, Dynamitron type, high-frequency type 
and so forth. 

By increasing the hardness of the adhesive layer by 
exposure to ionizing radiation in such a way, mar 
resistance and resistance to solvents of the protective 
film can be improved* 

In Fhejstep (4), the support is peeled off from the 
protective film 3 to JiccompCLishI transfMf— of protective 
film 3 to the image surface of the/poto masS. 



EXAMPLES 

Examples of the present invention will be now 
described, which should not be construed as limiting the 
present invention. In the examples, *part" and M %" are 
based on weight unless otherwise defined, 

1. Synthesis of a heat-reactive resin 

3.0g of N-Methylol acrylamide monomer, 84.0g of 
n-butyl acrylate monomer, 5.0g of 2-hydroxyethyl 
methacrylate monomer, 3 . Og of acrylic acid monomer, 5.0g 
of ethyl acrylate monomer, 36- Og of ethyl acetate, 12 ,0g 
of toluene, 12 .0g of isopropyl alcohol and 0.10g of 
a, a' -azobis ( isobutylonitril^ were added to a reactor 
having a stirrer, a condenser, a thermometer, and a duct 
for introducing nitrogen, and stirred and heated at 75*C 
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while introducing nitrogen. The reaction solution was 
maintained at 75^ for 8 hours while stirring to complete 
the reaction and synthesize^ an acrylic copolymer, which 
is a heat-reactive resin. 45, Og of ethyl acetate and 45 , Og 
of isopropyl alcohol were added to the reaction solution 
to prepare a heat-reactive resin solution (A) containing 
40.0% Jofj nonvolatile/content 

2. Preparation of' a protective film transfer sheet for 
photo taask$^> 
[Example 1] 

A coating solution for a release layer having the 
following composition was applied to one side of a 
polyethylene terephthalate film 21 having a thickness of 
50)xm (T- 600E : Mitsubishi Chemical Polyester Film Co . , 
Ltd.), and dried to obtain a support 2 provided with a 
release layer 22 having a thickness of about lpm. . 



J<Jcoating solution fox release layer^J 



jc^^XO**) -Polyvinyl methylet*er /maleic ac id\ copo 1 ymer ^tnhydr ide^ 
{GANTREZ AN119;ISP Co., Ltd.) 50 parts 

-Distilled water 414 parts 

-Met a-modi f ied alcohol 36 parts 

Then, a coating solution for^protective layer and 
a coating solution for an adhesive layer (a) having the 
following compositions were applied successively on the 
release layer 22 of the support 2 and dried to form a 
protective layer having a thickness of about 2]xm and an 
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adhesive layer having a thickness of about 2]im. After the 
protective layer Bl^was^dried, it was cured by exposure 
to UV using a high-pressure mercury lamp. The release 
surface of a separator 4 (E7006: Toyobo Co., Ltd.) having 
a thickness of 3 8pm was laminated to the adhesive layer 
32 to obtain a protective film transfer sheet^for phot^^ 
^jaasksj having the structure shown in Fig.l. 



f. 



^boating solution for protective laye^^j ^ 
-Urethane acrylate (UniDic V4005, solfd^c/ontent 64%: 
Dainippon Ink & Chemicals Inc.) "~" 125 parts 

-Photopolymerizatron initiator (IrgaCure 184: 
'.Ciba Specialty Chemicals K.K.) 2.4 parts 

-Toluene 275 parts 

£ ^Coating solution for adhesive layer ( a jf>*J 

-l r 6-Bis ( 3-acryloxy-2-h^?droxypropyl ) -hexyl ether 

16 parts 

-Photopolymerization initiator (IrgaCure 907: 

Ciba Specialty Chemicals K.K.) 1,2 parts 

-Heat-reactive resin solution (A) 

80 parts 

-Ethyl acetate 232 parts 

-Toluene 232 parts 




The separator 4 was peeled off from the thus obtained 
protective film transfer sheet l ^fo r photo mask^and the 
adhesive layer 32 was laminated to the image surface of 
a/'photo mask) having a circuit wiring pattern formed on 
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a silver salt film (AGX-7: Kodak Co., Ltd.) using a 
laminator equipped with a heat rol ljThe a ted^at lOO't . Then, 
the adhesive layer was cured by exposure to 600mj/cm 2 of 
UV using a high-pressure mercury lamp and the support 2 
was peeled from the protective film to transfer the 
protective film 3 to the image surface of theffJhoto mas] 

[Example 2] 

A protective film transfer sheet l /for photo masks/ 
was obtained in the sa'me manner as in Example 1 except that 
a coatipg solution (b )\f o r k adhesi ve laye ^was usect)ins tead 
of the ^coating, solution (a) Jta t adhesive la yej^ The 
protective film of this transfer sheet was transferred to 
the image surface of a^5?io"to mas)?* in the same manner as 
in Example 1 , 



f~<poatinq solution for adhesive layer (b)^>__D 

at 

16 parts 



-Hydropivalic acid neopentyl glycol diacrylate 



-Photopolymerization initiator (IrgaCure 907 r 

Ciba Specialty Chemicals K . K . ) 1.2 parts 

-Heat-reactive resin solution (A) 80 parts 

-Ethyl acetate 232 parts 

-Toluene 232 parts 

^Comparative example^l/' 

A protective film transfer sheet^or photo mas^ksjwas 

obtained in the same manner as in Example 1 except that 

i fU X 

a coating solution (for v tacky layej^as usea\instead of the 
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coating solution (a) for ^adhesive layer. 



^~<| Coating solution for tacky laye^^ 

-Self-adhesive acrylic resin (SK dynell02, solid content 
40%: Soken Chemical and Engineering Co./ Ltd.) 

30 parts 

-Isopropyl alcohol 75 parts 



The separator was peeled off from the thus obtained 
protective film transfer sheet ^For photo masks*7and the. 
tacky layer was laminated to the image surface or a ph^to-^-y 
mask having a circuit wiring pattern formed on a silver 
salt film (AGX-7 : Kodak Co . , Ltd. ) using a 1-arainator . Then, 
the support was peeled from the protective film to transfer 
the protective layer and the tacky layer to the image 
surface of the^phot o mas k 





^/^Comparative example 2jf 

A protective film transfer sheet^for photo masks} was 
obtained in the same manner as in Example 1 except that 



a coating solution ( c )\^oj ^dhesive l a^ej/was useqinstead 
of the coating solution (a)|7or adhesive laye^ 

^Coating solution for adhesive layer 

-Urethane acrylate (UniDic V4005, so£ id-^c^ntent 64%: 
Dainippon Ink & Chemicals Inc.) 20 parts 

-Dipentaerythritol hexaacrylate (Kayarad PDHA: 

Nippon Kayaku Co . , Ltd.) 8 parts 

-Photopolymerization initiator ( IrgaCure 651 : 
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Ciba Specialty Chemicals K.K.) 1 parts 

-Methylethyl ketone 35 parts 

-Toluene 35 parts 

The separator was peeled off from the thus obtained 
protective film transfer sheets/for photo masksj and the 
adhesive layer was laminated to the image surface of a 
^-^photo mask^having a circuit wiring pattern formed on a 
"siTver salt film (AGX-7 : Kodak Co., Ltd.) using a 
laminator , Then, the adhesive layer was cured by exposure 
to 600mj/ciff 2 of UV using a high-pressure mercury lamp and 
the support was peeled from the protective film to 
transfer the protective layer and the adhesive layer to 
the image surface of the ^hoto maskj 

For the protective film transfer sheets Jfor photo^ 
^masks^obtained in Examples 1, 2 and Comparative examples 
1, 2, mar resistance, pencil hardness, adhesiveness, and 
resistance to solvents of the protective film transferred 
to the image surface of the photo mask were evaluated. The 
results are shown in Table 1. 



/ 

/ 
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Table 1 





Mar resistance 
(Load) 


Pencil 
hardness 


Adhesiveness 


Resistance 
to solvents 


150 g 


300 g 


Example 1 


© 


© 


H 


100/100 


O 


Example 2 


o 


o 


H 


96/100 


O 


Comparative 
example 1 


X 


X 


2 B 


80/100 


X 


Comparative 
example 2 


o 


A 


H B 


0/100 


X 



/kar resistance (resistance to marrin 



The surface of the protective layer 31 was rubbed 



back and forth ten times with steel wool #0000 under t>e 
load of 150g or 300g , and marring the surface was 
evaluated visually. Criteria of the visual evaluation>^^ ;ftre 
as follows: 

®;No marring was produced. 

OiVery slight marring was produced. 

A:Mar,ring was produced. 

X :Marring was produced throughout the surface. 



Pencil hardnes^i 

Pencil hardness was evaluated based on the pencil 
hardness test according to JIS-K5400. Specifically/ the 
transferred protective film was scratched by a pair of 
pencilsysrho hav^Hsuccess i ve density codes . Apair in which 
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one pencil tore the film twice or more and the other pencil 
tore the film less than twice was found, and the density 
code of the pencil that tore the film less than twice was 
defined to be the pencil hardness of the film. 

/f^dhesivenesj^F' ^ 

Adhesiveness was evaluated^ crosscut adhesion tape 
method according to JIS-K5400. Specifically/ the film 
was crosscut to make a hundred ^lattices with an interval 
of 1 mm. A cellophane tape defined by JIS-Z1522 was 
adhered to the film and then peeled from the film- After 
the tape was peeled, the state of the film was observed 
and^f* number of lattices which were not peeled off was 
recorded . 



'Resistance to solvents/ 

The film was rubbed back and forth 20 times with waste 
imbued with methylethyl ketone. After rubbing, the state 
of the film was observed and evaluated using the following 
criteria^ 

OrNo change was observed in the film. 
X : The film came away from the image surface - 

As shown in Table 1, the protective film transfer 
sheets 1 jtor^ photo masks) of Examples 1 and 2 showed 
excellent results in all of the evaluations of the 
protective film 3 transferred to the image surface of a 
^p hoTT.ma s^ i^e., mar resistance, pencil hardness, 
adhesiveness, ^resistance to solvents. 
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In particular, .the protective film 3 formed using 
the protective film transfer sheet 1 ^for photo mas^ksjof 
Example 1 exhibited excellent performance because the 
adhesive layer 32 was formed by combining an ionizing 
"radiation curable paint consisting of^hotopolymeri zabl e 
r&jonomer having a hydroxy group with a heat-reactive resin 
consisting of an acrylic copolymer containing N-m<=sthylol 
acrylamide monoiae^ that is ja^ monomer having a hydroxy 
grounfjas a ^monomer havi ng aj heat-reactive functional ^^y^ 
grou^pand couTSJ react?" with a hydroxy group existing in 
the image surface of afph oto^ masl c) to increase the 
adhesiveness to the image surface of the(] ghoto mas ^ and 
to increase the hardness of the adhesive layer 32. 

On the other hand, when the protective film transfer 
sheet^For photo mask^ of Comparative example 1 was used, 
the protective layer formed on the tacky layer showed low 
mar resistance and pencil hardness since the transfer 
she^t employed a tacky layer instead of the adhesive layer 
of ti\e present invention. The protective film transfer 
sheet ^for photo masksjof Comparative example 2 showed no 
adhesiveness to the image surface of aC^ hoto^mT s^/ since 
it employed an adhesive layer composed of only an ionizing - 
radiation curable resin tfncludingTno heat-reactive resinX 

A 
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ABSTRACT 

A protective film transfer sheet ^comprisesj a peelable. 
support and a protective .film formed on the support, 
wherein the protective f ilm^comprise^ a protective layer 
and an adhesive layer formed on the support in this order 
and the adhesive layer has pressure-sensitive 
adhesiveness, the adhesiveness of the adhesive layer being 
increased upon heating after transf erred ^on^ the image 
surface oi Y ^^^o^^s^ t and is curable by exposure to 
ionizing radiation. The protective film formed by the 
protective film transfer sheet is excellent^ in 
adhesiveness to the image surface of^j&oto j^s^, ^mar 
resistance an$ resistance to solvents- 
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